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7]1^«^ ^2001-0000827 



(12) ^7H4^^a(A) 



(51) Int. CI. s Mj. 42001- 

C30B 29/38 ^yl^tl 0000827 

l^^J o/Hd-^r 2001id01-i05^ 



(21) %:iMs, 10-2000-0062134 

(22) 20O0'dlO-t211i 



^-iV^^-^l ^^jn^ 225-6 ^^^-H^WS 101-201 

tfl^^^Al g-Ai^i sl-ji^ 93-11 

H.Ai-3g-^Al f.Ej].7 A>zl2^ -a-^^ii^ao>o>3il-E 102-1601 

(72) t'f;^!- 

^Al-^^A] ^^^f. 225t6 ^tV-i! 101-201 

^-JJ-^^-*-] *ej)^ A>^2^ •t^j^^a<il-o>4E 102-1501 
(74)ufle]ol ^A^^l 



(54) -H-c^ Sit ^lofl^m ^m^^ 



n ^^i^xr m ^i±s-^]7isi-oiiAi GaN ^4.^^ ^^^Mnt ^h^'^-,^ 

-T^jsl-b GaN 4^"^"^^ ojo]] tcl-g^-, AH- ^DUfi] ^ 

Ga ^#4, 5it ?! ai^sl S-^7l7l- 7}^ii '?J^-g-7l ufloflAi GaN-l: -^J ^J--^l i?) GaN-fi- A]H{seecl)S. A]-^ 
B^oi rH-;^^! >ia{bulk) GaN ^4^^ -^^^j-^ia ^ Sife Si^l-. s^tt ^^^1 ^H-^^ GaN i^l^^ t^^i^s. 
^fl'^l ^(dislocation) ^^1 ^ft^ ^-y ^ ^a] MQW(multi quantum well) ^^^^ SL^ ^, ^ 

^ o]^-^ LED{light emitting diode) i:^]-, UV-Visible 4^], cll-g-^ Ji"JS. ^^j* ^ t dvD -§- 

LD(laser diode), aif-^ eH^lx-] 5}iE(iaser host) ^ opto-eiectronics^- IL^^, JL^^z} 7)^0, 
S,c]^^^ ^ o-t^, *;§oij ^ 5a7| «8€-"1| ^S-a-^-l- 3^ W^]^J ^ 5^^ 3i% 9X 

4. 



•§"§- lV-§-^7l GaN £7H 
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£1 - % ^'I'i GaN ^^^^ flu- ji-&a'i^«>ai ^±^4i7l3} ^j^j-^^^ll- M-e}-! 71)5?, 

S.2 - ^ ^'^fil 3«)ll-i^l°H GaN la-l^fil edge -^-e-i- ^cfltv SEM 4^. 

£3 - ^l-a-'-H'Hl GaN 'ai^'j W^l f ^^-i: 4El-'dl SEM A}:?!. 
S.4 - '^U-a^-HoU oj-fi- GaN EDX(energy dispersive x-ray) S-^-g-^lE. 

£5 - 4l2'M>*'Ho)l i4l- GaN lai^^ •M^^'ll'^i Photoluminesence n^S. 
£6 - tcH- -M^ofl^i •^^'ii-'tV^'a-^a hexagonal GaN ^V^^a) Raman -^^S. 

H7 - =^l|4-€Al«fl«I| GaN ^l^Sl XRD ^^H. 

I : i§-§-S-7l 2 : ailt^ 
3 : ^^-m] 4 : ^71 

5 : t^itfl 6 : ^-S^l 
7 : 8 : 

9 : Aie^?Jft aj-xjig lo : ^oisil 

II : ^-^g/ll 12 : 7>i t-a-? 

^ Hr'l^ GaN ^^^^1 ^^llSfj-'a'^l ^ASl^, c-1# -y-^sMl^, sHaf Ga Ji<a- ?J Ji-&5| 

S-^7l7> 7]-^it -^-^^-7] HloilA-i GaN larl^J -^^j" ^ GaN ^il^^l- A}£.(seed)5. dl-f-^fi] 'Sh 

(bulk) GaN ^1^^ -g"&-oS a]^ GaN ^tll^'g-'fii 

<aHJ:?4AS GaN ^^^^ -^^(300 K)'>11-^1 ^^to|(direct transition)^ ^ 3.4 eV^^ "JiS. ^^(band gap) 
^If SlJi oife -a^oli^K 

^^t- •t-^Csublimation) ^ £^ ^r7] (decomposltlon)5j^r 5^0.03;^ .^hj. 

°J-3j?l ^-§-°J| (melting solution)^S -ifE^ :S5g-a- ^^^^'AAAxz l-7>^t}ai, ^§1 r).f-o|A^ ^ji 
'^-(15-20 kbar), ^*^:2-^-( 1300- 1600 °C)'l S^i^l^^ Ga, GaN4 N2 ^^^1^ "Ja(bulk) QaN 

"Sl^M- "t-^J^- 4 SiJeL"^, ojeit aj-i^ o,s. 100-150 -^-l?!- ^-f^l^i 010 X 10 mm^ 'iSL 3 

Si A% W%Si-S.^, NH3 ^^7loilAi s.c,HEfl^((.o|jj pressed)'?! GaN l^i(pellet)-^ °l^sil l^J-* 

^iA]?]i2- D-^a^'l ^^Mv 0,5 mm ol«>s| a7lsi- ?Jo] -t«Jo.s. -^j^J-slo^ 7}^, o^d]- ne) ji -^JgoJ ^^^^-t 

6ls)^c1 Si4. -a-^l*};^!! ^f^-^J^J- QOCC-IOOO "CSl Ji^, NH 
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-i^^^^m. «-S-8-7m SUS316JJ1 4-§-sH ^i-Br, ^t°114 ^^J-s>Jai Si^.^, ^i1^s1.a]-§-6.s 
oi^v ^-f-ofl s^tb it^gsl -^^ojj nsla 514. 

m^^] -§-8-i- ^^^J-ofl tft^ Jia7)- ^fil ^ 71-xi tg-ig o.?. sao.«^, -^J^i 4^ A] 

(multi quantum well) t]-^ ^a]- s^fe ^ej-(th)ck film):i- ?JAS. -St^?]- t^sM Ji :3.2.i 

4, LD l-^^1(iattrce mismatch) ^ ^Jgt J^n^Cthermal expansion 

coefficient) f-^ ^V^H 7lol^ cliS?11o)'»!(dlslocation) ^fil ^t(defects)^ol §14. 



Ga ^^-a- 5Z^i- Ji^-al 71*117]- O.S -S-a- 7B-tV <2-^-8-7l tfloilAi GaN# ^J^^^l^lfe -§-8-°)l 
GaN ^l- ^4 ^ ^11 2: t ^ «- ;^ ^ * ^ ^ AS. t^. 

ae^jl GaN Vj-l^i: AlH(seed)S 4-§-5H tfln'^g^l ^a{bulk) GaN ^^^^ '^^i^]?]^ ^It!" GaN 



^7]^ ^^^7] m ^ i'l^^ "Ji^^ ^-f -8-7lifl«1| -i^m 5.7Hi|»? wa NbNs^ ^ 

f-{gailium)-i- ^tS-^ ^'a^l?!^- 7]^^l-# ^^^4^4; ^^-^l #^^1» I-^a]?^! £7V 

H^ll ^«-A]^ £7H i|Jfo)l #1^114 .g-§-Al7)a, t-§-g-7l m^S. ^"^^Sjfe ^:i7]-io| ^ 

«H ^-^slfr ■g-§-<>ll GaN ^a*y-^-i: 7]^^ js.:^]s. t4. 

<*l7lAi, .^7] 7)^*^1- ^-^4'§-& ^t-t°S 0.3Mn~1.0iiim37lfil GaN ^l^*"! a1=S. St^fe ^o) 4t^sl- 

nel jSL, -y-?! j£7)-u|t l-elja. ael-^^lJ^Cgraphite), PBN(poly-crystalline boron nitride) ^ S1-4S. ^'^§s)fe 
^o] 4tzi«)-4, 

'^■71 7l^^t# ^^4^^ 4rivt]#(Mg), -'t.l-CNa), ^S€-f-{Sr), 4t(Ba) ^ *V47l- t^ta H^Slfe 

Ojoll 44, =a±«-^7lol|Al lai^lit 'li^-'^K^fl Sl*ll I^l^^iS-l ^4^^ ^^O] 7l-^4i3j al^ ^ ^j-Al?Vfil 

014 5L"S-i- f^-i- ^"^^M. 

si-Sr ^ tt'loll 41- ^^^^-§- '^l-s-^-?!^ ^):^£oi4. 

s.A]^ 44 ^01, 4 f^on 4€. GaN ^ ^-§-8'7liflo)lAi a^;^-*}?!] ^4, 

■^^7] ^■§-g-7)-fe 2 Icbar o]^^ ^i^7| ^811, .^-a-ti ^•^■§-71(1)011 ^5*A4, -^^^ ^■^■§•71(1)^1 

4l-,4^°l]fe ^h44S?ll(ll)(3)« ^m<^ i^i- T^^J4^4. -^^71 -§-71(1)141^^ 1000 'C o] 

^9] jl^^S. ^-xl47| fr^^S\ t^^l(7)l- A}^4ao.n^ 4.^ ^J[7l^^A}(4)^ :^t}c^ ^^^4. 

-8-71 tllif4 ^^di:l!(tiiermocouple)(5)» Al-g-45i3i, ^7l7l- t'i*fl{7)°!| ^«!) 7>t5l^ ^^=^1 «!■ 

7i m] t°A^{6, 10)1- 'a°d4«4. 

aelja ^7] ^^^1(6) -^J-'S-Hl-b £7^(8)7} <?>#sl£^ ^"i^^, -S"?! £.7l-q(8) ^l^^^-flfe H7>q(8)» ^1^4 
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4. o^7lA-] s.7]-i-l(8)-c- ii-§-^ ■i-t!l«.'i, :3.ef5folM(graphite),. PBN(poly-crystaliine boron nitride) 

Sit -^^-71 Aio^=irt iJ-^l^^OOollfe #71 Y# ^^(Z)^] *J^j5)oi ^7jh^oi oj-s^ o] ^.tA]^cl.. cil^;^^] t 

^^^^J^ ^± 7>i^ *tJ^ Sl7l7> Jf ^Ssfl^i (compressor)* -^-^l ^-S-g-^l^l 

<>11 ^-^^l ^J-^^7ll°if 7>iii*'aT^(12)§ 'a:-§-8-7l Ml^ofl %±7}^^ *^A)?14. 

*1 Ai GaN ^1 =^ fil -^j •§■ ^4 «1 -a 

3^ 3.5mmol<»l 4-8-51 of , Ga^ -y=^ NaN 

3/(NaN3+Ga)("^1«^ S^)=0.36^i1 ^S.^ NaN 
3^)- Ga^ S^«><=i. ^1}'^M4. 

^„^7fi;i7l- •B-Sli^l'?i 511^ '^^^i-4'3'>1 4, ^0^71 tt^fl(7)l- «J^-8-7l(i) qi^aj ^^a| 

MIU-^ ^ 500bar^JE7l- ^■x]s^^ s]^oU-\ ^4:7>i^fe ?^!# -^^^cl-. 

^ «i^-§-7](i)n]^fij ji-grsii^MAi ^i^oi ^rm^ m^. 

£2 SiSi S-ol, ^^^^ '^^^i^sl ^a-a-«'l$i^'^, ^^sl -^^-e- eil<*H ^^(layer by layer)S 

^J^t-i- 1 ^ Si 4. 

aeln £4fe- Aiii^A]o|]ofj ixf# ^l^sl EDX(energy dispersive X-ray) ^I'l^-g-ij* M-Bj-^E S-ojo^, 20KeV&l X- 

44^1 1 1 ^4. ^n:^ Ga4 N^)] s]a*£ 2:^^ GaN olSi^i, s-:7l-q(8)°ll 

t^^fi) fii4. ^, 51^^ #$#ol t-PrSl^l GaN ^^^§01 ^^slSJcK o^7lAl rs] ?J;c1 -^^^ 

i'a=€r 4-^^J44fe H^ifl^*!! 7l-7m^o1, R&] ^o] ^I'S^ «-t1^^s. ^^^t* t 

^ Si5i4, 

( ^^12-^^1 ) 42'iM<^'>fi 4* 7l^S}^l- ^A^ia-^ilollAife NaNgfe 5.8mmoPl Ga^l R=0.46 

■4 Hjl-o) 5|J£-a- NaN 

34 Ga4 ali-i- S^isH *t-^K14. 

€it7l-ii7l- -fr^gSl^ ^J^W^l i^fe 4, -^71 ^^^1(7)« t-fiAl^ «i-g-^7l{l) Vfl«£] ^Sl- A^^A) 

^J4. «-§-§-7l(l)4 -SrS •t^^r -S-grOflAi tll^f 750'C4xl -y-^^l^l^ A] 60«-^£7l- 

4. ^r£7> 750'C?M ^>'g^5l<a 750°CollAi 24aRV^<?}: 7l^Sl-tl-l- ^m^M^. °M "^7] ^^^7]{l)^WS] 

i-rJ-^ 4 500bar^£7> fr^y^ 4-^i^1 ^i7l-^fe 7il#^§^4. 
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c|| oj^ SAl^V ^^£7f ^7]&\ 4^o11 sisi] GaN ^^^o| ^^^4. 

£5fe- ^12'M^1«11<>1] ^1^2^ 5ESf-DlM'i:i{photoluminesence)^^S.ol'^, 355nm^^ <feM]- 
(primary) ell o1^-1*#^iiL ^^^^1 PL(photoluminesence) '^ll^jal €^l-^'--g-<^)'<'i 360nfn'-700nm»3^MUi 

^.-^j;. c]m^ /|7)nl: cl-E?)! ^;^Js)sic:V. ^^g^g :t;g£l bJs. ^ o8i-i:=(lfe 3.41 eV(365 nm)S. 
7^2^ oi^]9\ji 5l«Lo|, PL^I 'isl{sharp)«H, sldl mJ;*! 12.7 nm(97.9 meV)^ 5)5^4. 

■^l^l^i )i!:;S;l ^^pyy^f^^j^ NaN3=6.8 mmoi, R=0.56, 800 "C^l-^l 24 -^1 ^> ^j"-^! GaN "Srl^J^S 

5.08 nm(39.16 meV) 4^1 '>]^^ 7l*o.S. AI 

2O3* -fej-o.^. -^J^M GaN^ ^It^fl # 80-130 ^''t*! ^St^^H, ^ja,-&, ^ja<?J' 

-y't^ 71^1 •a^l«>fe t^S. -f^tV S-A^Sl cl-l^^ oj^ ^ o^5J4_ 

< > ^fls^-^Hli 41- ^•^JS^loll^ife NaNj^ 5.8mmo!(''l'=^> Gl'^1^ i-^ 6.2mmo! 

(0)6^ G2e]- A>-g-ElB], Gaal R=«0.46Sl wl't-ol NaN 

Ga^^ «1 tt- Sl~o}o^ ^.^A] ^jc]., 

^4i7l-i7]- -^^J£l<a ^^^g ^^^^3;f;gol ^«SSlt 4, ^1-71 t<Ssfl(7)l- ^t^m ^-§"§-71(1) ifl^fil -^#^1 

4. ^%.£7f 800"C^'W 800°C^^i 2^^-^''^ ^Wm^^ °m -^7] aJ-^-§-7l(l)vj)^S:) 

500bar^jE.7> -fr^]:^^ s]^<^x^ ^dt7l-it i^^^^Jgcf. 

.V- tfl 04 5At7_V '^117} d:,S.^ul-. 'i^7ls} jSil.;gofl s]«11 GaN ^^^o] 

S-e-a ^113-^'^1'=^1'^11 44!- G1,G2 '31=^^1 el-°J(Raman)14 S-S-^i, E^-^J-^f ^ ^."J-'tV^^ A-S. 

^joo^, (a)-fe Gisl ^-4-4^0]'^. (b),(c)fe G2S? 3S]j1 i!^lolB)oli^s)(Rayieigh law)'^]] ^ 

-511 ^I^Jsife 3la^r ^islslStiJ^'Ji, ^tl^^^l T^ai ^ ife£H.(phonon mode) Sl-H^ *1«11 3>^{power) 
a]- 4^- ^1^^ 41- 2l-'?]:'Ml7i(Raman intensity)!- 400-800 cm 

-ifi] -^<^oi|Ai 0.5 cm 
-1 ^^^6.S.o.4 cm 

-i/sSl i^Pl-g-{scan rate)S. ^^m^^. ^]^)^] ^{Laser beam)^ '^1^'Hl 2:A>s!o1 ^f-tl-^ 21^-^4, 71*1-^ 
^tl "^^-a: z() 



3X^. GaN<^ dlt 4lH{Raman) 4«KV?3: ^l-soll-^i ^A].ji'i-(hexagonal) '1=St^3^o1| 7lt!t E 

jSl- Ai(LO) SL^imode)^ ^m^]^ 569 zvn^^ 735 cm'^^, #^(cubic) l^J-^ai 710] QaNi '^1 
t s^afe 555 cm'^ (TO)^ 742 cm"^ (LO)-^S. aaiS|<H tc|-e^-<.i * ^■^Hi'^i GaN "^'4.^^ A3. 

^|^]7>2l-4 569cm . 

'He, mode)4 735 cm-HAl(LO) mode)^ ^^l-:ii^(liexagonal) 7>^-^ ^ Sl^, ^t-SV^ ^U'^ 

NaN3^1 ^''11 4€- ^iS^tl 4'?l-(Raman) ^"^ife- ^V°l7l- ell<^l^l(laser)^ ^^"^1 44^15-1 €^^^ 

^ol^l 44-^1 ^^^J-^? GaiM 1^3] ^-f , a #^J<H| xJo^A^fe ol€r^, ^^^^j o..^. jija^ 5^4 
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■a^^l^te ^4:5iy-(hexagonal) GaN -a* t ^1^. 

< ;^l4-^/.lcl| ) Ji||4'gAlcflol| u^^ 7l2:Sl-^l- NaNj^ 4.2mmol«^l ^-S-e!!^, Ga^ R=0.32^ 

al'iro] ^]£.^ NaN 

Ga^ «lt^ 3~^«M ^l-'^micl-. aels £7MM}o!| o.3mm~lmm^^ ^^l^ GaN ^Is-l- §t ^1^1^)^ 

^.!-7lii| 4^^->1] GaN A1H1- t^J-^S. la-^'gc') ^^^^ 3.7]^ ^ 5mm 3.7]o]x^ ^- 

•?3^J^ ^'1^-1' ^14 ''Q:'A'']'iM. £7^ ^14^-^1^*11 4# GaN ^t^i^ XRD(X-ray diffraction)-^^^S.SAl, 
30 mA, 40 KV&l X-^i-ir ^^AfA]^ s|ai-b (002), (004) ^ 7l|^^^ 214 

28=34.606'', 72.944<'ol| i^l-§-«>5a^, 29=34.606°2] sldl ^^1^-S- 0.28''<^lSi4. *^fil Sl^"^ E)|s,Jf ;?i)AV^V 
tV^^^ ^^^^rt 3=0.3185(1), c=0.5173(3) nm^ ^1 iib^ (hexagonal system) O-S P6 

3mcSi=l-. «|7l^1 ^^^€r NaN 

3^1 %to| <8 mmol), ts.7\ (850 '^), ^^^^RH i=r^-(24-100 ^1?>), ^^^'J^ ^: 



^--^^O? al^- ^ ^1^^, A}.g. ^o)l&] 4;^ ^ Ga HI} t Jl-8r5l ^^l7l7l- 7>^t '?J-^-8-7l 

MloflAi GaN-i- ^^=8-Al-7l7-m GaN^ '^ls.(seed)S. 4"^^^ 'i3.(bulk) GaN ^■^.'g-l- ■^^^j'-^IS ^ 5!ife 



mi> '^'•71 c^T^Jgal GaN cl:i5-?8fi-^(ciislocation) f-sl «^*1 «^ *r 5a'>l MQW(multi 

quantum well) -^tfe f^'^l" ^-i!) t^^l 't^l-i: °l-§-t^ LED(light emitting diode) UV- 

Visible 'iA'l, cll-§-t -Sis. DVD ■§• LD(iaser diode), JL%:n eflo];^] sf>.E (laser tiost) f- opto- 

electronicsi^- .ti#s^':a-£-±;^l- ^-g-oj ^l-a 7]:&o^s oi^ ^ ^ $i 0.0^, ^-y-s] liV^sD -f-^^-^fl a|-g.^ ^ sa?] ttj^ 

''ii ^^-ar^-i- 371) ^ safe ^47} 5a4. 



4^7}.^ -8-°J4^4;^c3-7l aj-g.^.7| Ml^Sj #tAl5!^ £7l-qoll ^.g. tfl^^ ^;?}:@ #n)j2} 

^^7lsl-oilA^ GaN ^l^M ^j^J-^]7)fe- ^^^1-4^;* T^-^^^-^ ^S. sj-fe -t-g-oll GaN ^ 
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4l*M 91<^^], -^-71 7];ti€-"ti- -S-ti-^l 0.3nwi~L0mm 3.7]s.\ GaN ^B.s. 

5- -g-g-oll sl fl GaN ^l''^ 

4V^M ^"H^i, i-2lJi=a, iie1-4<^lB(graphite), PBN (poly-crystalline boron nitride) t- 

f ■^^^•fi- O-S. sVfe -g-M GaN ^12:'^-'^. 
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c 

CO 



c 

CP 



2.5 



2.0 



1.5 



1.0 



0.5 



0.0 



1 365.5 nm (3.41 eV) 



2.5 



i 



2,0 



.5^ 



.0^ 



0.5- 





350 3f)0 370 3K0 390 400 



Wavelength (run) 



JL 



J.— JL.,.!.. I I t,, I t I I 1 ■ >M 



350 400 450 500 550 600 650 700 750 
Wavelength (nm) 
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I 

XI 

c 
B 

O) 

E 

CD 

o 
C/5 
c 

CO 

E 

CO 

or 



(669 cm"^) 

- 


laser power 

(b) 300 mW{G2) 

(c) 200 mW(G2) 




t A^(LO) 
(735 cm'^) 
















O^J. i„. 1 l„„ ±.-J^ 


,.±..JL 



400 450 500 550 600 650 700 750 800 

Raman shift (cm"^) 
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2.0- 
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0) 



0.5 
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(004)1 : 
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